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The Caucasian-Arabian belt is part of the huge late Cenozoic Alpine-Himalayan orogenic belt formed by
collision of continental plates. The belt consists of two domains: the Caucasian-Arabian Syntaxis (CAS) in
the south and the EW-striking Greater Caucasus in the north. The CAS marks a zone of the indentation of
the Arabian plate into the southern East European Craton. The Greater Caucasus Range is located in the
south of the Eurasian plate; it was tectonically uplifted along the Main Caucasian Fault (MCF), which is, in
turn, a part of a megafault extended over a great distance from the Kopetdag Mts. to the Tornquist-
Teisseyre Trans-European Suture Zone. The Caucasus Mts. are bounded by the Black Sea from the west
and by the Caspian Sea from the east. The SN-striking CAS is characterized by a large geophysical isostatic
anomaly suggesting presence of mantle plume head. A 500 km long belt of late Cenozoic volcanism in the
CAS extends from the eastern Anatolia to the Lesser and Greater Caucasus ranges. This belt hosts two
different types of volcanic rocks: (1) plume-type intraplate basaltic plateaus and (2) suprasubduction-
type calc-alkaline and shoshonite-latite volcanic rocks. As the CAS lacks signatures of subduction
zones and is characterized by relatively shallow earthquakes (50e60 km), we suggest that the “supra-
subduction-type” magmas were derived by interaction between mantle plume head and crustal material.
Those hybrid melts were originated under conditions of collision-related deformation. During the late
Cenozoic, the width of the CAS reduced to ca. 400 km due to tectonic “difﬂuence” of crustal material
provided by the continuing Arabia-Eurasia collision.
 2015, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Structures of zones of continental collisions are very complex
compared to those of island arcs and active continental convergent
margins, however, many of them have not been sufﬁciently studied.
This remains valid for the world largest modern Alpine-Himalayan
continental collision-type convergent belt (AHB), which is
extended over a distance more than 16,000 km across Eurasia from
the western Mediterranean to the western Paciﬁc. The AHB is aineralogy SB RAS, Koptyuga
(I. Safonova).
of Geosciences (Beijing).
eijing) and Peking University. Produ
c-nd/4.0/).typical collision-type orogenic belt, which formed during tens of
millions of years after the closure of the Mesozoiceearly Cenozoic
Tethys Ocean and is characterized by intensive processes of
mountain building and rifting, which were accompanied by
extensive plateau-basaltic and andesite-latite magmatism (e.g.,
Grachev, 2000; Sharkov, 2011; Sharkov et al., 2012; Trifonov et al.,
2012; Safonova and Maruyama, 2014 and references therein). The
Caucasian-Arabian segment of this belt is of special interest
because abundant recent geological, geochronological and petro-
logic data have allowed us to consider this region as a type area of
still active tectonic and petrologic processes related to continental
collision (Keskin, 2003; Sandvol et al., 2003; Saintot et al., 2006;
Kopp, 2007; Leonov, 2007; Eppelbaum and Khesin, 2012; Sharkov
et al., 2012; Lebedev et al., 2013).ction and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-
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(1) a linear system of Greater Caucasus in the north, and (2) an
active arc-like system of tectonic elements of the Minor Caucasus
and eastern Anatolia in the south, known as Caucasian-Arabian
Syntaxis (CAS), which was formed by indentation of the Arabian
plate into the southern border of the Eurasian plate and is currently
moving to the north (Fig. 1) (Burtman, 1989; Reilinger et al., 2006;
Leonov, 2007 and references therein). Tectonic processes accom-
panied by almost coeval manifestations of two types of magma-
tism, i.e., basaltic and andesitic-latitic, occur over the entire length
of the CAS (Keskin, 2007; Koronovsky and Demina, 2007; Keskin
et al., 2013). However, the origin of these magmatic units remains
debatable (Lebedev et al., 2013; Neill et al., 2013 and references
therein). This paper presents a synthesis of geological, petrologic
and geophysical data on the geodynamic history of the CAS, with a
focus to the geological structure of the region, mantle and crust
dynamics and geodynamic settings of the different magmatic units.
2. The Alpine-Caucasian orogen
The Alpine-Caucasian segment of the Trans-Eurasian Belt or the
Alpine Orogen, a key part of the Alpine-Himalayan collisional zone,
formed during the late Cenozoic and is characterized by a very
complex geological structure. It consists of sea basins of the Med-
iterranean and the Pannonian depression separated by fold-thrust
belts of the Alps, Carpathians, Apennines, and others, all hosting
andesite-latite volcanic units (Fig. 2). The Alpine orogen has been
studied by many research groups, whose results were summarizedFigure 1. Location of the Caucasian-Arabian Syntaxis (modiﬁed from Reilinger et al., 2006)
Sea Fault; MF eMosha Fault; PSSF e Pembak-Sevan-Sunik Fault; Cor e Gulf of Corinth; Pe e
Cas e Caspian Sea; EAR e East-African Rift; Lpr e Kopetdag; AR e Apsheron Peninsula; Alin a multi-author monograph of “European Lithosphere Dynamics”
(Gee and Stephenson, 2006 and references cited therein). Accord-
ing to geophysical data, the structure of the lithosphere of the
Alpine orogen is quite complex and variable beneath ridges and
basins (Hearn, 1999; Artemieva et al., 2006; Kissling et al., 2006).
Artemiev (1971) was the ﬁrst to show two types of basins
(Fig. 3). Type 1 basins include the Tyrrhenian, Aegian, and Alboran
seas and the Pannonian depression. They are back-arc basins
formed by the rollback of andesite-latite volcanic arcs (Rehault
et al., 1987; Royden, 1989; Lonergan and White, 1997; Harangi
et al., 2006 and references therein). These back-arc basins are
characterized by thinned crust, high heat ﬂow, and manifestations
of basaltic volcanism suggesting either asthenospheric upwelling
and/or the presence of mantle plume heads. We argue for a plume-
related model based on three main facts: (1) presence of positive
isostatic anomalies; (2) plume-type character of magmatism; and
(3) geophysical data, which all are discussed below. However, the
asthenospheric upwelling can be also linked to a mantle plume.
A special feature of the back-arc basins is presence of large
positive isostatic anomalies underneath (Fig. 3). These anomalies
could result from regular “injections” of deep mantle material into
plume heads, which led to increased loading onto the lithosphere
and disturbing the isostatic equilibrium. The largest positive
isostatic anomalies occur beneath the Aegean Sea and the Pan-
nonian back-arc basin (Fig. 3), which may be indicative of a rapid
supply of mantle material. Several researchers (Reilinger and
McClusky, 2011; Faccenna et al., 2013) suggested that the Aegian
Sea was a back-arc basin of the modern Arabia-Anatolia-Aegian. Abbreviations: NAF e North-Anatolian Fault; EAF e East-Anatolian Fault; DSF eDear
Peloponnes; Aeg e Aegian Sea; LC e Lesser Caucasus; Cyr e Cypris trench; Sin e Sinai;
e Alborz (Elburs) Mountains. Red line: Kopetdag-Causasian-Trans-European megafault.
Figure 2. Distribution of late Cenozoic igneous rocks within the Alpine Belt. Back-arc seas (AeAlboran, TeTyrrhenian; AegeAegian) and “downfall” seas (BeBlack, CeCaspian);
Back-arc sedimentary basins (PePannonian, PoePo valley); Late Cenozoic andesite-latite volcanic arcs:① Alboran,② Cabil-Tell, ③ Sardinian,④ South-Italian, ⑤ Drava-Insubrian,
⑥ Evganey, ⑦ Carpatian, ⑧ Balkanian, ⑨ Aegian, ⑩e⑫ Anatolian-Caucasian-Elburssian (⑩ Anatolian-Caucasian, ⑪ Transcaucasian belt, ⑫ Caucasus-Elburssian); Areas of ﬂood
basaltic volcanism (in squares): 1eSouth Spain and Portugal, 2eAtlas, 3eEaster Spain, 4eCentral France massif, 5eRhine graben, 6eCrech-Silesian, 8ePannonian, 9ewestern
Turkey, 10enorthern Arabia.
E. Sharkov et al. / Geoscience Frontiers 6 (2015) 513e522 515convergent system, but of a special origin. We think that the Aegian
Sea is similar to others back-arc basins of the Alpine Belt in terms of
geophysical features and dynamic settings (Khain, 1984; Artemieva
et al., 2006; Sharkov and Svalova, 2011). The only distinctive feature
is the very young age of the Hellenic suprasubduction volcanic arc
and of the Carpatian Arc, which were initiated as late as 2 Ma
(Harangi et al., 2006). Possibly, as the present-day geological pro-
cesses of these localities proceed at shallow levels, they have not
had time enough to respond to the processes in the deep mantle.
Support for such a suggestion comes from the lower magnitudes of
positive isostatic anomalies beneath the other back-arc seas
(Artemiev,1971), whichmay indicate longer interactions of shallow
and deep mantle processes.
Those “volcanic arc e back-arc basin” systems could result from
a unidirectional displacement/propagation of mantle plumes heads
caused by the heterogeneous structure of the lithosphere of the
eastern Mediterranean due to the presence of Tethys relicsFigure 3. Distribution of regional isostatic anomalies and areas of Cenozoic volcanism in the
European megafault. EAF e East Anatolia Fault, KDF e Kopetdag Fault, MCF e Mina Caucas(Zonenshain and Le Pichon, 1986). Those “asymmetric” mantle
plumes are different from “common” plumes, which have
mushroom-shaped heads resided in relatively homogeneous
within-plate environment. An “asymmetric” plume headmay occur
as a “tongue” extended towards the less viscous oceanic litho-
sphere including relics of the Tethys. The roof of such a “tongue”
initially consisted of continental lithosphere material of the African
plate, which formerly was exposed in the western Mediterranean
(Ricou et al., 1986). The transportation and accumulation of the
“cut-off” this material at the front of the “tongue” leads to the
thinning of back-arc basin crust by subcrustal erosion and emer-
gence of oceanic crust (Sharkov and Svalova, 2011).
The formation of a new subduction zone can be triggered by the
cooling of the frontal part of the “tongue”, which density increases,
and which acquires negative buoyancy and consequently descends
to initiate the beginning of subduction (Fig. 4). The crustal material,
which was consolidated and metamorphosed during theAlpine Belt (modiﬁed from Artemiev, 1971). Brown line: Kopetdag e Causasian e Trans-
ian Fault, NAF e North Anatolia Fault, TESZ e Trans-European suture zone.
Figure 4. A scheme showing the mechanism of formation of back-arc basins in the Alpine Belt by an asymmetric plume.
E. Sharkov et al. / Geoscience Frontiers 6 (2015) 513e522516deformation and accumulated at the front of the “tongue”, is an
additional load contributing to the descending of the “tongue” and
initiation of subduction. Finally, the consolidated higher density
crust together with surrounding fragments of oceanic lithosphere
become parts of the subducting slab (Sharkov and Svalova, 2011).
The melting of the subducting slab of a “mixed” composition over a
newly formed subduction zone can produce calc-alkaline and
shoshonite-latite magmas and ﬁnally volcanic arcs.
The formation of the back-arc basins resulted in rifting and its
related basaltic volcanism to form volcanic ﬁelds and plateaus at
the frontal edge of the mountain ranges of central and western
Europe, in North Africa and North Arabia (Fig. 2). The late Cenozoic
volcanic units are mostly Fe-Ti-rich alkaline basalts, which are
geochemically similar to typical intraplate (plume-related)magmas
erupted in oceanic (oceanic island basalts, OIB) and continental
(ﬂood basalts) environments (Hofmann, 1997; Grachev, 2003;
Medvedev et al., 2003; Lustrino and Sharkov, 2006; Wilson and
Downes, 2006; Safonova and Santosh, 2014). The geochemical
and isotopic characteristics of magmatic rocks of theFigure 5. Heat ﬂow distribution in the CaucasianMediterranean are indicative of derivation of their parental melts
from a similar source, a Common Mantle Reservoir (Hofmann,
1997; Lustrino and Wilson, 2007). Such a reservoir could be
related to a modern mantle plume or even superplume, with the
head located beneath the Alpine-Caucasian region from which
plumelets/branches spread out beneath the back-arc basins. Thus,
the Alpine orogen having a complex structure of multiple ridges
and basins is probably located over the central part of that plume or
superplume. This does not contradicts the model of asthenospheric
upwelling though, which can be related to a mantle plume splitting
into smaller plumelets/branches, which heads form positive
isostatic anomalies affecting the whole geodynamic pattern of the
region. This idea agrees well with the geophysical data (e.g.,
Smewing et al., 1991; Hearn, 1999) suggesting that several smaller
plumes could be merged to form a huge asthenospheric upwelling
area at depths of 200e250 km.
Type 2 basins include the eastern Mediterranean, the Black Sea
and the Caspian Sea (Fig. 5). Unlike the Type 1 back-arc seas of the
western Mediterranean, Type 2 seas are characterized by passiveregion (modiﬁed from Pollack et al., 1993).
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eCenozoic sediments, by the absence of volcanism and by low heat
ﬂow (Fig. 5). They look like large “downfalls”, especially the Black
Sea and Caspian Sea, which cut the pre-Pliocene structures of the
Caucasus and the Kopetdag. According to geological data, the Black
Sea and Caspian Sea represent small relics of the Tethys Ocean,
which were relatively shallow during the Miocene, but started to
subside in the Pliocene and continued to sink during the Holocene
(Zonenshain and Le Pichon, 1986). The subsidence was coeval with
the growth of the Caucasian Mountain Range and with the rise of
the Crimea Peninsula, both topographically much less evident
during the OligoceneeMiocene (Grachev, 2000).
Unlike the ﬁrst type basins, the second type depressions are
characterized by large isostatic negative anomalies (Fig. 3). The
isostatic “minima” are indicative of a deﬁciency of rock masses
underneath, probably, due to downward ﬂows of lithospheric ma-
terial in the mantle or “antiplumes”, which separate the upwelling
plume heads (Maruyama et al., 2007). The propagating mantle
plume head pushes the lithosphere and may displace old litho-
spheric material to make it descending down to the mantle, i.e. to
form downwelling mantle currents or “antiplumes”. Such down-
welling is responsible for the formation of depressions on the
surface, i.e. second type basins. The largest isostatic anomalies are
located in the Levantine basin of the eastern Mediterranean, with
rapid subsidence to depths below the sea level occurred approxi-
mately at 3e3.5 Ma (Emels et al., 1995; Novikov et al., 2013). No
signiﬁcant isostatic anomalies have been found close to the basin of
the Black Sea, suggesting a relatively low rate of subsidence and not
enough to disturb the isostatic equilibrium.
The geophysical data from the peripheral parts of those basins,
e.g., under the northern margins of the Black Sea and eastern
Mediterranean, indicate the presence of steeply-dipping seismi-
cally active zones. The seismic zones are associated with strong
local positive gravity anomalies formed by blocks of high-density
rocks, which are separated by nearly vertical faults extended to
mantle depths of 60e70 km (Shempelev et al., 2001; Zverev, 2002).
An exception is a large positive isostatic anomaly beneath the
Caucasian-Arabian Syntax (Fig. 3). The anomaly is located between
the Black Sea and Caspian Sea and continues southward, to the
Lesser Caucasus and eastern Anatolia. We suggest that this anomaly
is also related to an ascending mantle plume. Unlike the Mediter-
ranean and the Pannonian, there is no any depression there.
3. Structural features of the Caucasian-Arabian segment
The northern termination of the Caucasian-Arabian Syntax
(CAS) is represented by the Caucasian Mountains with a pre-Alpine
basement consisting of pre-Jurassic structures and rock complexes.
The structure and composition of the Caucasian basement is vari-
able (Somin, 2007 and references cited herein): it consists of two
major tectonic domains, North-Caucasian and South-Caucasian
(Svanetian), divided by the active Main Caucasian Fault (Fig. 2).
The ﬁrst Variscan domain is characterized by numerous occur-
rences of granitoids and regionally metamorphosed rocks. Those
rock units are absent in the southern domain, where the pre-
Jurassic sequences consist of marine Devonian to late Triassic
sedimentary rocks. These two units are probably an eastern
continuation of the Central European Variscides (Franke, 2006).
The Cimmerian Orogeny (early and middle Jurassic) of the
Caucasian region, according to Leonov (2007) included two geo-
dynamic stages: (1) early JurassiceAalenian passive margin and (2)
Bajocian-Bathonian active margin. Their separating interval at the
end of the Aalenian e beginning of the Bajocian demarcates the
major Cimmerian and Alpine stages of the evolution of the Greater
Caucasus. The Aalenian-Bajocian tectonic zoning remained stableup to the NeogeneeQuaternary Arabia-Eurasia collision-related
orogeny, which formed the present-day structure of the Caucasus.
The Greater Caucasus (GC) orogen is located in the northern CAS
and aligned along the Main Caucasus Fault (MCF). The GC repre-
sents the southern end of the Eurasian plate (Leonov, 2007). The
MCF is a part of the megafault extending from the Kopetdag across
the Caspian Sea to the Caucasus and Crimea (Sharkov et al., 2012). A
probable farther continuation of the MCF is the Trans-European
Suture Zone (Tornquist-Teisseyre Fault Zone), which separates the
East European Craton from the European Variscides and Alpides
(Artemieva et al., 2006) and is evidenced by a chain of weak but still
active seismicity. Thus, the Kopetdag-Caucasus-Trans-European
megafault separates the modern Alpine orogen and the stable
Eurasian plate sensu stricto (Fig. 1).
Themodern Alpine tectonic structure of the Caucasuswas formed
by the NS horizontal compression related to the collision of two
plates: Arabian (as indenter) and East European (cratonic). The tec-
tonic push fromtheArabia indentation is transmittedalong theBitlis-
Zagrosbelt to theGreater Caucasus to formtheCAS. The rate of Arabia
indentation into the Eurasian plate is of several centimeters per year
(Saintot et al., 2006). According to paleomagnetic data, during the
late-Alpian, the distance between Arabian and Eurasia shortened by
ca. 400 km (Bazhenov and Burtman, 1990; Leonov, 2007), however,
structural data, e.g., the strike and dimension of folds and tectonic
nappes, indicate a much smaller shortening, hardly over 200 km
(Kopp, 2007). The largest shortening was south of the MCF. The
reductionwithin the Greater Caucasus was signiﬁcantly smaller, less
then several tens of kilometers (Leonov, 2007 and references herein).
Many scientists believe that the MCF is due to the overthrust or un-
derthrust of the Transcaucasian massif under the Greater Caucasus
(e.g., Khain, 1984; Saintot et al., 2006 and references therein). How-
ever, direct geological observations suggest the linear shape of the
fault, as well as rather steeply dipping imbricate structures and/or
reverse faults. In addition, geophysical data suggest a steep or vertical
angle of theMCF up to depths of 70e80 km (Shempelev et al., 2005).
Consequently, according to Leonov (2007)we accept that theMCF is a
reverse fault with a large rate of vertical displacement and minimal
horizontal displacement.
If so, the shortening south of the GC could result from a lateral
“difﬂuence” or “spreading” of lithospheric material under the push
of the Arabian indenter in two opposite directions away from the
GC in front of the rigid East European Craton (Fig. 6). More evidence
for this comes from geological (Kopp, 2007) and GPS data from the
zone of the Africa-Arabia-Eurasia continental collision (Reilinger
et al., 2006; Reilinger and McClusky, 2011) (Fig. 7). We suggest
that the convergence of Arabia and Eurasia resulted in lithosphere
shortening and bi-lateral transportation of excessive lithosphere
material, i.e., its “difﬂuence” both to the south-west and south-east
of the collision zone, which formed the tectonic sheets of the
eastern Asia Minor Peninsula and Zagros Mountains, respectively.
Obviously, the removal of a signiﬁcant part of the basement in front
of the MCF can be responsible for the difference between the
structures of the northern and southern Caucasian domains.
4. Late Cenozoic volcanism in the CAS
Another important feature of the CAS is a large, TransCaucasian,
NS-trending zone of late Cenozoic to modern volcanism, which
extends from eastern Anatolia to the Lesser and Greater Caucasus
with the largest Caucasian volcanoes of Elbrus and Kazbek (Fig. 8).
There are two types of geochemically and petrologically different
types of volcanic rocks: (1) “suprasubduction” type calc-alkaline
and shoshonite-latite, and (2) volcanic rocks of basaltic intra-
plate (plume-related) type. Type 1 “suprasubduction” volcanic
rocks are dominated by basaltic andesite, andesite, dacite and
Figure 6. Collision-related tectonic deformations associated with the Caucasian-Arabian Syntaxis (based on a simpliﬁed tectonic map of the eastern Mediterranean region;
McClusky et al., 2000). The topography-based lines of major tectonic structures, e.g., strike-slip faults, large thrusts and folds, of the region illustrate the modern “difﬂuence” of
crustal material in front of the rigid East-European Craton. The arrows show plate motions relative to Eurasia.
E. Sharkov et al. / Geoscience Frontiers 6 (2015) 513e522518rhyolite with subordinate low-Ti basalt and rhyolite (Lebedev et al.,
2006; Koronovsky and Demina, 2007; Keskin, 2007; Gurbanov
et al., 2008; Keskin et al., 2013), as well as shoshonite, latite and
potassic dacites and rhyolites (unpublished data). Structurally,Figure 7. GPS velocities and directions of plate movements with respect to Arabia
(spatially decimated for clarity) in and adjacent to the Arabian plate with 95% conﬁ-
dence ellipses (modiﬁed from Reilinger and McClusky, 2011).those volcanoes are characterized by numerous calderas and
abundant felsic pyroclastic rocks, which are typical for volcanoes of
island arcs and active continental margins.
Type 2 volcanic units form large lava plateaus of alkaline basalts
of within-plate (plume-related) type erupted as typical shield
volcanoes, e.g., Javakheti, Geghama, Syunik, Kars, etc. Type 2
magmatism suggests the activity of a mantle plume head under the
CAS. Thus, two different types of magmatism are manifested in theFigure 8. Distribution of late Cenozoic volcanism in the Caucasian-Arabian Syntaxis.
Yellow: volcanic rocks of calc-alkaline and shoshonite-latite series, pink: plume-
related basaltic plateaus, brown: alkaline rocks.
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gins settings, whereas Type 2 magmatism was initiated in an
intraplate plume-related geodynamic setting, which was ﬁrst
recognized by Yarmolyuk et al. (2004).
Geochemically, the lava ﬂows of the Javakheti, Geghama, Central
Georgia, and other plateaus are dominated by moderately alkaline
basalts enriched in Zr, Sr and Ba (Lebedev et al., 2006). Their iso-
topic ratios of 87Sr/86Sr ¼ 0.7041e0.7043 and εNd ¼ þ3.5 to þ4.5)
correspond to those of a “Common” lower-mantle source
(87Sr/86Sr ¼w0.7035, εNd ¼wþ5; Hofmann, 1997), which is
considered as a possible source of plume-related basalts.
The volcanic rocks of “suprasubduction” type are of special in-
terest. Unlike many paleo- and modern-island arcs and active
continental margins, the East-Anatolian-Caucasian volcanic belt is
extended over the whole Caucasus, matching the strike of the
TransCaucasian isostatic anomaly (Fig. 3). South of Lake Van this
volcanic belt splits into two branches: one branch is trending to the
west, to Central Anatolia, the second branch extending to the east,
towards Mountain Elburs (Alborz) and the Zagros Mountains.
However, the Caucasian-Arabian Syntaxis is characterized by
shallow seismicity, with earthquake hypocenters mostly at depths
of less 50e60 km. Deep-focus earthquakes (up to 120 km) are
extremely rare and occur sporadically in the eastern part of the CAS,
at the boundary with the Caspian Sea (Figs. 9 and 10). Conse-
quently, we think that there is no evidence of active subduction
beneath the Caucasus and eastern Anatolia (Sandvol et al., 2003).
Those “supra-subduction type” volcanic rocks possess geochemical
and isotope characteristics of both mantle plume-derived lavas and
continental crust material, suggesting a complex mantle-crustal
origin, e.g., of the NeogeneeQuaternary volcanic rocks of the Cau-
casus (Lebedev et al., 2010).Figure 9. Distribution of earthquakes showing that the region is dominated by shallow focu
2010).For example, the ratios of 87Sr/86Sr and εNd range, respectively,
from 0.7045 to 0.7058 and from þ0.1 to þ2.1 for the Quaternary
andesite-felsic volcanic rocks of the Keli Mountain, from 0.7054 to
0.7064 and from2.3 toþ0.8 for the late-Quaternary dacites of the
Elbrus Volcano, and from 0.7075 to 0.7086 and from 2.2 to 4.3
for the late Miocene alkaline granites of the Caucasian Mineral
Waters area. The contribution of upper crust material to the
petrogenesis of parental melts produced the late Cenozoic magmas
is from ca. 50e60% for the late Miocene granitoids to ca. 20% in
moderate-alkaline plateu basalts. The Elbrus dacites and the
andesite-felsic volcanic rocks of other volcanoes are characterized
by transitional proportions of mixed crustal and mantle-derived
materials. Evidence for the presence of the mantle material also
comes from the Pb/Pb isotope ratios in dacites of the Elbrus Volcano
(206Pb/204Pb ranging from 18.621 to 18.670, 207Pb/204Pb from
15.636 to 15.659 and 208Pb/204Pb from 38.762 to 38.845), suggest-
ing a mantle source close to that to the Afar triangle plume in East
Africa (Chugaev et al., 2013 and references therein). In general, the
isotope systematics of the late Cenozoic volcanic rocks of the CAS
suggests that their source was contaminated by upper crust ma-
terial from the Paleozoic basement granite-metamorphic com-
plexes (Lebedev et al., 2010).
As the strike of the 500 km long East-Anatolian-Caucasian vol-
canic belt coincides with that of the syntaxis, i.e. with the zone of
maximal stress, we suggest that those magmas could be derived by
interaction between mantle plume head and crustal material. Such
an interaction could be accompanied by the melting of lithospheric
material triggered by high pressure deformation.
It is common knowledge that crystal lattices of minerals become
less stable under deformation and/or stress and consequently the
melting requires much less heat (Sharkov, 2004 and referencesses (from the NEIC PDE catalog; data selection: Historical and Preliminary Data, 1973e
Figure 10. Distribution of earthquake focuses beneath the Eastern Turkey e Caucasus volcanic area.
E. Sharkov et al. / Geoscience Frontiers 6 (2015) 513e522520herein). Possible sources of heat can be deformation-related fric-
tion (Frischbutter and Hanisch, 1991; Molnar and England, 1995),
conductive heating above plume head, and decompression-related
degassing/ﬂuid release of hot mantle plume material.
The geological, geochemical, isotopic and geophysical data from
the CAS suggest a collision-related rather than suprasubduction
origin of the calc-alkaline and shoshonite-latite magmas. Conse-
quently, the formation of the Anatolian-Caucasian and Caucasian-
Elbrusian volcanic arcs may be linked with the deep tectonic
spreading or “difﬂuence” of crustal material apart from the Arabian
indenter, i.e. in two directions. Those arcs possibly trace a kind of
“suture” zones, along which the crustal material tectonically
migrated during the collision of the continents. The “suture” zones
could be deﬁned by the shape of the plume head stretching to the
north and overﬂowing from both sides by the oncoming strongly
deformed material of shallow lithosphere.
The late Cenozoic volcanic rocks of the Alpine-Mediterranean
belt, which was formed by the Africa-Eurasia continental collision,
possess isotopic and geochemical characteristics similar to those of
the Caucasian-Arabian Syntaxis. For example, the Cenozoic calc-
alkaline volcanic rocks and plume-related basaltic magmatic units
co-exist in the Carpatian-Pannonian region, where no modern
subduction has been found (Seghedi and Downes, 2011 and refer-
ences therein). These authors note that there is no much difference
between calc-alkaline magmas derived from subcontinental litho-
spheric sources and those derived from subduction-related mantle
wedge sources. We think that calc-alkaline and shoshonite-latite
magmas can form in both suprasubduction and intracontinental
settings, however, necessarily under conditions of continuing plate
convergence. Those associated with the melting of crustal material
may result from interaction of continental crustmaterial andmantle
plume head under strong collision induced deformations.
5. Deep structure and surface geology
TheKopetdag-Caucasian-Trans-europeanmegafault can be traced
beneath the Caspian Sea as evidenced by earthquakes foci. The sharp
bend of thismegafault north of the Black Seamay be indicative of the
continuing subsidence of the sea basin, which affects the surfacegeological structures (Figs. 2 and 3). In addition, geological data
(Kopp, 2007; Lebedev et al., 2011, 2013) indicate that since the late
Miocene the head of the mantle plume has been migrating to the
north. The plume intersected the Main Caucasian Fault at depth and
initiated the modern volcanism, e.g., the late Quaternary volcanoes,
especially Elbrus, which are characterized by shallow magmatic
chambers (Gurbanov et al., 2008; Sobisevich et al., 2012). Such a
“diving” of the plume head under the edge of the Eurasian plate,
which started in the Miocene and is continuing now, could have re-
generated/reactivated an older suture zone and led to the growth of
the Greater Caucasus. Thus, the geological situation of the region is
still developing under the effect of deep large-scale tectonic pro-
cesses and mantle plumes, which go ahead of the tectonic processes
at shallower (crustal) levels and on the surface.
It is of interest to note that the orientation of the Anatolian-
Caucasian volcanic arc does not coincide with the strike of the
North-Anatolian and East-Anatolian fractures zones, which are the
largest neotectonic structures (Fig. 3). Moreover, there is no clear
correlation between volcanism and the present-day surface dis-
placements of the crust, which are recognized within the zone of the
Africa-Arabia-Eurasia continental collision by GPS (Reilinger et al.,
2006). Consequently, the deep processes in the mantle may not be
manifested at shallower crustal levels or on the surface, e.g., in form
of extensional faultingor rifting, but that could beexpected for future.6. Conclusions
1. The Caucasian-Arabian segment of the huge Cenozoic Alpine-
Himalayan collisional belt consists of two domains: the EW-
striking Greater Caucasus to the north and the Caucasian-
Arabian Syntaxis (CAS) to the south. The CAS includes arc-like
tectonic domains of the Lesser Caucasus and eastern Anatolia
and is characterized by a large NS-trending positive isostatic
anomaly, which suggests presence of mantle plume head
underneath.
2. The Greater Caucasus constitutes the southern margin of the
Eurasianplate; it is uplifted over theMain Caucasian Fault, which
is part of the Kopetdag-Caucasian-Trans-European megafault.
E. Sharkov et al. / Geoscience Frontiers 6 (2015) 513e522 5213. The Alpine structure of the Caucasus formed by NS horizontal
compression generated by interaction of two plates: the
Arabian indenter and the East European Craton. In the late
Cenozoic, that plate interaction resulted in the transverse
shortening of the CAS to 400 km, mainly at the expense of the
territory south of the Main Caucasian Fault. As the available
seismic data do not reveal any subduction zone beneath the
Caucasus, that shortening was due to the tectonic “difﬂuence”
of crustal material apart from the Arabian indenter, in front of
the East European Craton.
4. The CAS includes a NeogeneeQuaternary volcanic belt, which
is extended from eastern Anatolia and to the Lesser Caucasus
and farther to the Greater Caucasus. The belt is dominated by
two types of volcanic rocks: (1) extensive plateau basalts pos-
sessing geochemical characteristics of intra-plate (plume-
related) rocks, and (2) calc-alkaline and shoshonite-latite vol-
canic rocks, which are petrologically and geochemically similar
to those formed in a suprasubduction setting.
5. Geophysical data support a suggesting a mantle plume head
beneath the CAS. The origin of Type 2 volcanic rocks is unclear
because no subduction zone has been identiﬁed in the region.
We think that the calc-alkaline and shoshonite-latite magmas
were derived by interaction of the mantle plume head with the
crustal material at relatively shallow depths under strong high-
pressure deformations. Such a deformation-related interaction
could have led to the melting of both mantle and crustal ma-
terials and formation of “mixed mantle-crust” magmas within
the zone of collision.
6. At present, the processes of deep mantle dynamics are
continuing to destroy the pre-Pliocene structure of the collision
zone. However, the response of “shallow” tectonics to the deep
mantle processes is delayed. Consequently, the mantle plumes
are not manifested on the surface, e.g., in form of extensional
faulting or rifting, but that could be expected in future.Acknowledgments
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